Background: A large body of research suggests that hospitals with intensive care units staffed by board-certified intensivists have lower mortality rates than those that do not.
A large body of research suggests that hospitals with intensive care units (ICUs) staffed by board-certified intensivists have lower mortality rates than those that do not. [1] [2] [3] [4] [5] [6] [7] Possible reasons include specialist knowledge of organ support therapies, increased experience arising from increased volume of cases as well as increased compliance with evidence-based protocols. [1] [2] [3] [4] [5] [6] [7] As a result, the Society of Critical Care Medicine has explicitly endorsed the value of intensivist staffing models across the United States. [8] [9] [10] More importantly, the Leapfrog Group, a large coalition of health care purchasers, has established the ICU Physician Staffing standard as one of its core safety practices for US hospitals. 7 A central tenet of this standard is that ICU patients are managed or comanaged by 1 or more physicians who are certified in critical care medicine. Many hospitals are therefore hiring more intensivists and transitioning to fully intensivist-staffed ICUs.
Despite a large body of research in this regard, however, it remains uncertain whether implementing intensivist models leads directly to lower mortality. 11 Prior studies in this area fall into 2 main categories, each with their own limitations. Before-after studies consist largely of singlecenter studies evaluating outcomes after the implementation of intensivist staffing and these suffer from secular trends and lack of a control group. 4 The cross-sectional studies, which constitute the preponderance of research in this area compare intensivist-staffed hospitals to non-intensiviststaffed hospitals. These studies are prone to confounding as there may be many factors that explain differences in mortality other than intensivist staffing. [12] [13] [14] The limitations of prior studies make it difficult to understand the true impact of transitioning to an intensivist staffing model.
In this context, we used national Medicare data to evaluate the extent to which hospitals transitioning to intensivist staffing reduced their mortality. We compared riskadjusted mortality rates over an 8-year period between 3 groups of hospitals: those that were intensivist staffed throughout this time period, those that were never intensivist staffed, and those that transitioned to intensivist staffing sometime during the period. We then examined rates of improvement in mortality within each of the 3 groups and used difference-in-differences techniques to assess the independent effect of intensivist staffing among the subset of hospitals that transitioned.
METHODS

Data Source and Study Population
We used the Medicare Provider Analysis and Review (MedPAR) files from 2003 to 2010. The Centers for Medicare and Medicaid Services maintains this administrative database using all claims submitted by hospitals for services provided to Medicare beneficiaries. Each patient record includes age, sex, race, admission and discharge dates, principal diagnosis codes, secondary diagnosis codes, procedure codes, and 30-day mortality. The University of Michigan Institutional Review Board approved this protocol and waived the requirement for informed consent.
Using the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes, we identified all patients aged 65-99 admitted for 1 of 3 medical conditions (congestive heart failure, acute myocardial infarction, pneumonia) or undergoing 1 of 3 major operations (hip fracture repair, abdominal aortic aneurysm repair, colectomy). We selected these conditions prospectively, given their prevalence and substantial morbidity and mortality, that is, most likely to receive care in the ICU for complication and therefore outcomes are dependent on the quality of care in this setting. 15 Comorbid conditions were defined with the Elixhauser method, which uses ICD-9-CM codes to classify secondary diagnoses into 29 different comorbid conditions. 16 For sensitivity analyses, ICU admission was defined as having a MedPAR-defined ICU day count of at least 1.
Characterizing Staffing in Hospital ICUs
Intensivist staffing was characterized using the Leapfrog Group's voluntary, publicly, self-reported data. They report on various safety standards in an effort to reduce variation in health care and reward hospitals that have made successful quality improvement "leaps." 17 Intensivist staffing was captured by the answer to the following question: "Are all patients in these ICUs managed or comanaged by one or more physicians who are certified in critical care medicine?" Hospitals had 3 possible answers: (1) no, (2) yes, or (3) yes using an expanded definition. 17 This third group included physicians who: (a) completed training before availability of subspecialty certification in critical care in their specialty [1987 for (Internal) Medicine, Anesthesiology, Pediatrics and Surgery], who were board certified in 1 of these 4 specialties, and who had provided at least 6 weeks of full-time ICU care annually since 1987; or (b) were board certified in (Internal) Medicine, Anesthesiology, Pediatrics or Surgery and had completed training programs required for certification in the subspecialty of Critical Care Medicine but were not yet certified in this subspecialty. For this study, both groups 2 and 3 were considered as intensivist staffed. Hospitals that answered "no" were deemed not to have met the Leapfrog Group's ICU Physician Staffing Leap. Hospitals were then classified into 3 groups: (1) those that did not adopt intensivist staffing ("nointensivist" group); (2) those that had been intensivist staffed throughout 2003-2010 ("always-intensivist" group); and (3) those that transitioned to intensivist staffing during the 2003-2010 period ("transition" group). The date on which the hospital became intensivist staffed was used to construct a time-dependent hospital status variable.
Primary Outcome
The primary outcome for this study was risk-adjusted 30-day mortality. This was defined as death before hospital discharge or within 30 days of admission. For risk adjustment, we used standard logistic regression to account for patient characteristics and risk factors (age, sex, race, admission cause, admission acuity, 29 Elixhauser comorbidities) and year of admission. 18 
Statistical Analysis
We first conducted a cross-sectional analysis comparing mortality at hospitals that were always intensivist staffed during the study period with those that were never intensivist staffed. To explore the degree to which hospital factors explain this relationship, we repeated this analysis adding hospital characteristics available from the American Hospital Association Annual Survey (hospital geography, teaching status, financial status, bed size, and government status).
To enhance causal inference, we then conducted a longitudinal difference-in-differences regression analysis focusing on hospitals that transitioned to this model during the study period. This is an econometric technique commonly used to assess the impact of policy changes by isolating the effect of the policy from trends affecting both control and intervention groups. [19] [20] [21] [22] The control group was hospitals that were not intensivist staffed throughout 2003-2010. The intervention group was hospitals that transitioned to intensivist staffing (according to their response on the Leapfrog Hospital Survey) between 2003 and 2010. Patients were categorized by the intensivist transition status of their hospital. A continuous time variable was created consisting of the time difference between admission and the transition date of the hospital for the intervention group. For the control group, there was no change in hospital intensivist status. Therefore, the time variable was set as the difference between the midpoint of the time period under investigation (2003-2010) and the admission date (see Supplementary Appendix for further details, Supplemental Digital Content 1, http://links.lww.com/MLR/B36).
For the main difference-in-differences analysis, we used logistic regression models to assess the relationship between mortality and the change in hospital status. Two key dummy variables were included: intervention group (0 for control, 1 for the intervention group) and the hospital prepost change status (0 for before the change, 1 for after). We also included an interaction term between intervention and pre-post change status. The coefficient of this term gives an estimate of the independent effect of transitioning to intensivist staffing on mortality. 23, 24 All models included additional variables to adjust for patient characteristics and comorbidities.
We used the coefficient of the interaction term to predict marginal effects from the logistic regression model. We then calculated relative risk (RR) ratios and 95% confidence intervals (CIs). Our results are presented as RR ratios because odds ratios may not accurately reflect outcome rates that are more common than 10%. 25, 26 Our results are reported with SEs clustered by hospital to account for the nonindependence of patients within hospitals.
All reported P-values are 2 sided with the statistical significance threshold set to a P-value of <0.05. All analyses were performed using STATA statistical software version 12.1 (College Station, TX). This study had no external funding source.
RESULTS
A total of 488 hospitals were included in this study. There were 234 hospitals that did not adopt intensivist staffing (no-intensivist group), 129 hospitals that had been intensivist staffed throughout 2003-2010 (always-intensivist group), and 125 hospitals that transitioned to intensivist staffing during the 2003-2010 period (transition group). Table 1 presents the characteristics of patients and hospitals in these 3 groups. In the transition group, the median month for transition was June 2005 (interquartile range September 2004-January 2007). Table 2 highlights the difference in characteristics in the Leapfrog survey respondent and nonrespondent hospitals.
The cross-sectional analysis compared the no-intensivist group to the always-intensivist group. There was a greater proportion of nonwhite and emergency admissions in the always-intensivist group. The longitudinal analysis compared the no-intensivist group to the transition group. In both analyses, there was a higher proportion of hospitals that were urban, not-for-profit, teaching, and with 300+ beds in the transition and always-intensivist groups versus the nointensivist group (P < 0.001) ( Table 1) .
At both the beginning and end of our study period we found that hospitals with intensivist staffing had lower mortality than those without intensivist staffing. The relative reduction in mortality over the 8-year period was comparable for both groups (Table 3) . Specifically, intensivist-staffed hospitals did not improve at a faster rate to non-intensivist-staffed hospitals. Both these findings were consistent across medical and surgical admissions. A risk-adjusted cross-sectional analysis over the entire study period suggested lower mortality for patients admitted to an intensivist-staffed hospital versus a non-intensivist-staffed hospital (RR, 0.89; 95% CI, 0.86-0.93). This reduced mortality remained after adjusting for hospital characteristics (RR, 0.93; 95% CI, 0.89-0.97).
We then examined mortality in hospitals that transitioned to intensivist staffing. We did not find a significant association between transitioning to intensivist staffing and decreasing mortality, above and beyond preexisting trends. After adjusting for patient factors and preexisting trends, there was no significant mortality improvement as a result of transitioning to intensivist staffing (RR, 0.96; 95% CI, 0.89-1.02). This lack of significant improvement remained when admissions were stratified as medical (RR, 0.95; 95% CI, 0.89-1.02) or surgical (RR, 0.97; 95% CI, 0.84-1.10) ( Fig. 1) .
We conducted several sensitivity analyses to assess the robustness of our findings (full results reported in Supplementary Appendix, Supplemental Digital Content 1, http:// links.lww.com/MLR/B36). First, we limited our longitudinal analysis to only patients officially admitted to an ICU. In hospitals that did not transition to intensivist staffing, 39% of patients were admitted to an ICU (423,932 patients). In hospitals that did transition, 37% of patients were admitted to an ICU (291,165 patients). There was no effect on our results (overall RR, 0.98; 95% CI, 0.87-1.08). Second, we reclassified intensivist staffing using the stricter Leapfrog definition rather than including the expanded definition (see the Methods section). Admissions in hospitals transitioning to intensivist staffing under the expanded definition were therefore considered with the non-intensivist-staffed group. The effect estimate under this scenario was 0.94 (95% CI, 0.87-1.00) in the total population and 0.92 (95% CI, 0.80-1.05) in the ICU population. Third, we carried out an isolated analysis of only those patients admitted with pneumonia. Of the 3 medical conditions we included, pneumonia is thought to be most sensitive to the effect of an intensivist presence. There was no effect on our results either in the full pneumonia population (RR, 0.97; 95% CI, 0.88-1.06) or in those admitted to the ICU (RR, 1.03; 95% CI, 0.88-1.17).
DISCUSSION
In this study, we found hospitals with intensivist staffing tended to have lower mortality rates with both medical and surgical admissions compared with those without intensivists. Nonetheless, both groups of hospitals are improving at the same rate over time and more importantly, hospitals transitioning to intensivist staffing do not accelerate their improvement or catch up with intensiviststaffed hospitals.
Our first finding is consistent with a large number of studies showing that hospitals with intensivist staffing have lower mortality than those without. Pronovost et al 4 published a highly cited systematic review reporting a hospital relative risk of mortality of 0.71 (95% CI, 0.62-0.82) for intensivist-staffed hospitals. An updated review in 2013 found a weaker but still significant estimate of 0.83 (95% CI, 0.70-0.99). 27 Our cross-sectional analysis yielded a comparable mortality benefit (RR, 0.89; 95% CI, 0.86-0.93). However, both reviews were predominated by small crosssectional and pre-post implementation studies. Pronovost's review included 27 studies of which only 4 assessed >2 ICUs. 4 In addition, only 2 of the 22 cohort studies made use of contemporary rather than historic controls. This is problematic as ICU mortality has been the subject of several major quality improvement efforts such as the Surviving Sepsis Campaign. 13 Consequently, pre-post implementation studies tend to overestimate the benefits of intensivist staffing due to a background trend toward better outcomes over time. 28, 29 Our second finding that hospitals transitioning to intensivist staffing do not accelerate their rate of improvement sheds new light on the importance of adequate implementation of intensivist staffing. The difference-in-differences study design takes into account preexisting time trends and utilizes a concurrent control group for isolating the effect of transitioning. To our knowledge, our study is the first to longitudinally assess the mortality benefit of transitioning to intensivist staffing. The results of our study suggest that the lower mortality at intensivist-staffed hospitals may be attributable to other unmeasured factors.
Although these factors remain largely unknown, they may include quality improvement strategies such as improved adherence to evidence-based protocols (eg, Surviving Sepsis Campaign), volume-outcome effects, or multidisciplinary staffing models. 13, [30] [31] [32] [33] [34] Always intensivist-staffed hospitals tended to be large, urban, teaching institutions that may suggest a greater likelihood of evidence-based protocols or more effective implementation of multidisciplinary care team rounds. A state-wide cohort study suggested that the mortality benefit from such teams may partly explain the observed survival advantage of intensivist staffing. 32 Alternatively, smaller hospitals transitioning to Major teaching included those hospitals that were members of the Council of Teaching Hospitals (CTH). Minor hospitals included those that were not CTH members but still had a residency program certified by Accreditation Council for Graduate Medical Education. The remaining hospitals were classified as "no teaching."
AAA indicates abdominal aortic aneurysm; MI, myocardial infarction.
intensivist staffing may struggle to provide the appropriate volume of patients to ensure proficient and expert ICU care. 30, 31, 34 Ultimately, the overriding theme is the hospital context in which intensivist staffing is implemented may be just as, or more, important than the transition itself. Our findings must be borne in light of several study limitations. First, our assessment of outcomes did not extend beyond mortality. It may be that the benefits of intensivist staffing are more apparent in other domains such as length of stay, adherence to evidence-based protocols, or patient and family satisfaction with care. 11, 35 This is especially true if mortality at the Leapfrog participating hospitals is already near a minimum thereby reducing the sensitivity of mortality as a measure of staffing change. Second, we relied on data from the Leapfrog Group. Although this data provides one of the richest sources of information currently available on ICU staffing, it nonetheless gives a relatively imprecise estimate of the quantity and quality of ICU staffing. For example, some hospitals may have multiple ICUs each with different staffing models. Such hospitals are only considered to adhere to the Leapfrog Group definition if all general medical and surgical ICUs are intensivist staffed. Thus, the no intensivist group (controls) may include hospitals where some ICUs are intensivist staffed and some are not. The net result would be to bias results toward the null hypothesis of no difference. Hence, we acknowledge that the accuracy of categorization is a limitation of our study. Third, the sample of hospitals may not be random, but instead self-selected on the basis of their participation in the Leapfrog Hospital Survey. Such hospitals may be more motivated to improve their outcomes in general than the average US hospital. However, it is unlikely that they would have selected into Leapfrog participation based on how they decide on ICU staffing. As demonstrated in Table 2 , Leapfrog hospitals were more likely to be urban, more involved with teaching and larger by bed size. However, if such hospitals were more motivated to improve outcomes, it would only strengthen the null finding in our analysis that transition to intensivist staffing did not improve mortality. Fourth, we used administrative data and its limitations with regards to risk adjustment have been well characterized. 36 In particular, the lack of ICU-specific risk adjustment scores (eg, Sequential Organ Failure Assessment and Acute Physiology and Chronic Health Evaluation) may mean that non-intensivist-staffed hospitals are fielding sicker patients that are not apparent from nonphysiological administrative data. Fifth, although, the difference-in-differences approach controls to a large extent for secular trends that may confound cross-sectional and pre-post implementation analyses, the possibility of other unmeasured differences in patient factors remains a weakness of any observational research. Sixth, there is reduced general- izability to younger patients as we used administrative MedPAR data that limits our sample to patients aged over 65. However, as the majority of ICU mortality is concentrated in this demographic, we would argue that this is a high-priority group for study. 37 Finally, we cannot discount the possibility that the small proportion of hospitals that transitioned late in the 8-year period did so before any impact on mortality might reasonably be expected. For the 90th percentile of transition hospitals, transition month was December 2007 allowing only 3 years of posttransition data to be assessed. Our study has 2 major sets of policy implications. First, regardless of causal mechanisms, choosing an intensiviststaffed hospital will likely lead patients to a lower mortality hospital. In this regard, selecting an intensivist-staffed hospital may provide analogous information about the quality of a hospital to other proxy measures such as hospital volume in selecting a hospital for surgery. Second, our findings may influence how hospitals seek to improve their outcomes. There is a growing recruitment shortfall in certified intensivists and an increasing demand projected for an aging US population. 10 We acknowledge that there may be other benefits associated with staffing ICUs with board-certified intensivists. Nonetheless, our findings suggest that hospitals should not necessarily expect to reduce their mortality rate or catch up with their peers with established ICUs by transitioning to intensivist staffing. Consequently, if intensivist staffing serves primarily as a proxy for other hospital attributes, quality improvement will require identifying the precise factors that directly affect mortality. We described earlier several potential mechanisms or hospital attributessome modifiable, some not-that may contribute to the observed differences in outcomes. However, there is a growing interest and recognition that modifiable organizational dynamics, such as teamwork, leadership, culture, and communication practices are integral to improving ICU outcomes. [38] [39] [40] The Comprehensive Unit-based Safety Program (CUSP), designed to reduce preventable ICU morbidity, is an example of the intersection of these concepts. 41 It has demonstrated significant efficacy in reducing centralline-associated blood stream infections and is now expanding nationally to increase coverage of other preventable morbidity. [42] [43] [44] Such an example strengthens the case for investment in areas of organizational development and growth that were historically overlooked.
In summary, taking into account the aforementioned limitations, our results indicate that transitioning to an intensivist staffing model was not associated with improved mortality in Medicare beneficiaries. These findings suggest that the lower mortality rate previously observed at hospitals with intensivist staffing may be attributable to other factors.
